Nowadays, the difficulties of the mining sector in accessing the territory are mostly related to inadequate land use plans. Mineral potential maps have become quite relevant for the land use planning authorities as a decision support tool. This work's goal is to present a methodology based on geological criteria, for the delimitation of potential areas for ornamental stones production in a limestone area of Portugal known as Maciço Calcário Estremenho. This is one of the world's most important regions producing limestone blocks for ornamental purposes. The methodology, applied at a scale similar to the commonly used in land use planning, considers two main geological-based criteria for the definition of potential areas, namely the homogeneity criterion, related to the textural and chromatic homogeneity of the potentially productive lithologic units, and the dimension criterion, which refers to the thickness of the productive unit, to the volume of the deposit and to its spatial layout. Based on the criteria, two main types of potential areas for ornamental stones' production were delimited: specific areas, where the lithostratigraphic units demonstrate ornamental suitability at a very local scale due to highly appreciated particular features, and areas corresponding to the entire outcrop area of some of the lithostratigraphic units, which due to the resource volume are the most relevant potential areas.
Introduction
In the last decades in Europe, the mining sector was penalized by the constraints that hinder its accessibility to the territory when competing with other possible land uses. These constraints still exist and result from land use plans and policies, which, by obliterating the fact that mineral resources can only be exploited where they occur and by not considering them equally as all other resources, do not promote spaces for their safeguard. This puts at risk the supply of raw materials for the future generations. Some studies addressed this issue at the turn of the century (Regueiro et al. 2000; Wellmer and Becker-Platen 2002; Christmann 2004; Christmann et al. 2007 ) and the European Commission (through the Raw Materials Initiative) formally recognized its importance and the need to take actions to solve it (European Commission 2008 , 2012 . Geologically informed land use planning is the tool for the safeguard of existent or potential mineral deposits.
In Portugal, the sustainable use of geological resources is one of the strategic objectives presented in the National Program of Land Use Policy (Law no. 58, Assembleia da República 2007), which is the code where the main strategic guidelines for the Portuguese territorial development model are established. In turn, the Base Law for the Policy of Soils of land use planning and of Urbanism (Law no. 31, Assembleia da República 2014) establishes the safeguard of places with potential for the exploitation of geological resources as one of the territorial management objectives. Accordingly, the Portuguese normative for land use planning (Decree-Law no. 80, MAOTE 2015) establishes that national territorial development strategies are effectively implemented by municipal land use plans and these shall 1 3
206 Page 2 of 13 identify and delimit the spaces for the exploitation of geological resources. For this purpose, the delimitation of the following types of spaces as a methodology to support the safeguard of the geological resources in land use plans has been informally adopted as good practice by the Portuguese Mining Authority and the Portuguese Geological Survey:
• Consolidated exploitation areas: Areas where a significant exploitation activity already exists. Its further development should be addressed according to environmental good standards, ensuring as well a responsible use of the resources.
• Complementary exploitation areas: Areas where measured mineral resources are available, contiguous, or not, to a Consolidated Exploitation Area, overcoming difficulties posed by the exhaustion of available reserves.
• Potential areas: Areas of interest where new gathered data and/or results in updated studies make it possible to delimit one of the Exploitation Areas categories.
• Rehabilitation areas: Already exploited areas where environmental and landscape recovery must be carried out for reclamation purposes.
This approach has been recognized as one of the European good practices for the integration of mineral resources in land use planning in order to avoid unnecessary sterilization of mineral resources (European Commission 2010 .
In practical terms, the integration of the Consolidated Exploitation Areas in land use plans is almost direct because they match the legally granted areas for exploitation, where existent mineral reserves are known. However, for the delimitation of the complementary and potential areas a certain degree of geological knowledge is required, which should be substantially greater with respect to the former areas. Effectively, an equivalence with the international standards for reporting mineral resources along the geological confidence axes can be made (e.g. USGS 1980; PERC 2017) . The complementary exploitation areas cover indicated and measured mineral resources, while the potential areas encompass the hypothetical and inferred mineral resources.
In this work, the potential areas maps should be used similarly to mineral potential maps. These, by locating known mineral deposits and predicting the most likely locations in which prospective mineral resources might be found, have been used for many years to assist the mining sector and the development of public policies on the management of mineral resources (e.g. Cox et al. 1996; Singer et al. 2001; Rigol-Sanchez et al. 2003; Nykänen and Ojala 2007) . Mineral potential maps relate to the possible presence of mineral deposits in a certain region and differ from extraction suitability maps (Brown 2012) , because they do not take into consideration economic factors directly or indirectly related to the mineral deposits (Porwal 2006) , nor existent social or environmental constraints.
In Portugal, construction raw materials knowledge regarding the existent resources is usually not precise enough to support the creation of the aforementioned space classes for land use planning. As a matter of fact, the safeguarding of undiscovered mineral resources, i.e. the safeguarding of land spaces where mineral resources may exist, is an issue hardly addressed by the land use authorities due to the lack of objective spatial data to support the delineation of such kind of land use classes and subsequent weighting with other land uses. Aiming to overcome this, many scientific papers covering several types of mineral resources have already been published (e.g. Carranza et al. 1999; Scott and Dimitrakopoulos 2001; Lamelas et al. 2008; Brown 2012; Wrighton et al. 2014) . This problem has also been addressed specifically regarding marble (e.g. Carvalho et al. 2008 ) and granite-type ornamental stones (e.g. Lisboa and Oliveira 2005; Ferrero et al. 2006; Taboada et al. 2008; Lisboa et al. 2013) . To the authors' knowledge, no work concerning the outline of potential areas for ornamental limestone resources has been published.
This work aims to present a methodology to outline potential areas for the exploitation of ornamental stones in a limestone massif in Portugal known as Maciço Calcário Estremenho (MCE). This region is one of the world's leading producers of limestones for ornamental purposes. Ornamental stones are construction mineral raw materials, mostly used for their decorative attributes, and which processing does not lead to the breakdown of their internal structure. Ornamental limestones in the MCE are exploited in the form of large-size blocks, small cubes used for street-walking pavements, and thin plaques (1 cm to 5 cm thick) used for rustic stone coverings. Notwithstanding, the potential areas presented here relate only to those of large-size blocks of limestone.
Geological setting
The MCE (Fig. 1) is a Jurassic limestone massif located in the Portuguese Lusitanian Basin, which is an intracratonic rift basin on the western Iberian margin that developed under a generalized extensional tectonic regime associated with the opening of the North Atlantic Ocean. After the latest Cretaceous, it becomes submitted to the Alpine compressive tectonics whose major effects occurred during the late Miocene (Wilson et al. 1989; Ribeiro et al. 1990; Pinheiro et al. 1996; Pais et al. 2012; Kullberg et al. 2013) .
Three elevated morphostructural units are notable in this uplifted massif, namely the Candeeiros Hill, the Santo António Plateau, and the São Mamede Plateau, which structurally encloses the Aire Hill. Two fault-related elongated depressions separate these elevated morphostructures from each other: the Mendiga Depression separates the Candeeiros Hill from the Santo António Plateau, and the Alvados and Minde depressions separate the Santo António and São Mamede plateaus.
The lithostratigraphy of the MCE is well known from the works of Manuppella et al. (1998 Manuppella et al. ( , 1999 and Azerêdo (2007) . The exposed rocks date from the Hettangian to the Pliocene, but most are of Middle and Upper Jurassic age. The Middle Jurassic sequence outcrops in the elevated regions and comprises light-cream coloured limestones that were formed in different paleoenvironments at a carbonate ramp depositional system (Azerêdo 1998 (Azerêdo , 2007 . The Upper Jurassic formations outcrop on the depressions, and they encompass continental to shallow marine lightbrown to grey limestones, marls, and shales, that were deposited under moderate fault-controlled subsidence conditions (Alves et al. 2003) ; fluvial-deltaic sandstones overlain these formations.
Three major families of faults oriented NNE-SSW, NW-SE, and NE-SW highlight the existing close relationship between morphology and tectonics in the MCE. They were active during the extensional phases of the North Atlantic opening and were reactivated in strike-slip mode during the Alpine compression Kullberg et al. 2013) . Aside from the close vicinity to the main extensional inverted faults with which tight folding is associated, bedding in MCE is near horizontal and related to open folds or gently tilted fault blocks.
Methodology and data
The methodology applied for the delimitation of ornamental stones' potential areas is based on a previous one, concerning the evaluation of marble resources in the Portuguese Estremoz Anticline (Carvalho et al. 2008) . According to this methodology, the ornamental suitability of a given rock mass depends on three groups of decisive criteria: homogeneity, dimension and fracturing. These groups of criteria combine the several geological attributes usually considered by some authors when studying ornamental stones (e.g. Papertzian and Farrow 1995; Taboada et al. 1998; Smith 1999; Selonen et al. 2000; Reddy 2002 ). The homogeneity criterion refers to the colour and textural homogeneity; the dimension criterion refers to the thickness of the productive unit (sedimentary bed, metamorphic, or magmatic facies), volume of the deposit and its spatial layout; and the fracturing criterion refers to the type and morphology of fractures, their attitude and spatial arrangement, spacing, etc.
The outline of potential areas for the production of ornamental limestones in MCE is a regional level procedure done on a map scale of 1: 25,000, similar to that required by land use practitioners. Therefore, the decision criteria to be applied must also have the same regional character. For this reason, and because data from regional fracturing surveys are not relevant enough to assist on the selection of the most suitable places for exploitation when it comes to sedimentary rocks Carvalho and Lisboa 2013) , only the homogeneity and dimension criteria were used to delimit potential areas in the MCE.
Applying the aforementioned methodology, two working stages were considered, namely: (1) a general recognition and characterization of the existing extractive industry and (2) a regional geological and structural characterization. Considering the first stage, existing quarries are the excellence places to gather data regarding the exploited limestones, namely the minor acceptable facies changes, other existing geological features, and block sizes. The field geological and structural characterization of the MCE was assisted by previous regional (Zbyszewski and Matos 1959; Zbyszewski et al. 1961; Manuppella et al. 1998 Manuppella et al. , 1999 and local level (Carvalho 1996 (Carvalho , 1997 Carvalho et al. 1998; Quartau 1998 Quartau , 2000 geological studies. Special attention was given to the textural and chromatic homogeneity of the sedimentary units, to the rock mass volume with homogeneous characteristics, to the bed thicknesses, and to its structural arrangement. 
Results
Ornamental stones in the MCE are exploited in some dozens of quarries, but most of them are grouped in six major exploitation sites: Moleanos, Portela das Salgueiras, Cabeça Veada, Pé da Pedreira, Codaçal, and Casal Farto (Fig. 2) . Typically, the quarries develop along the hillside and they comprise one or several benches totalizing a maximum exploitation front of about 50 m. At Casal Farto and Moleanos, they develop as large holes below the ground level (Fig. 3) .
Trading blocks are rectangular prisms with dimensions about 2.8 m × 1.8 m × 1.5 m. The several ornamental Fig. 2 Lithostratigraphic map of the MCE with location of ornamental stone quarrying sites varieties of MCE depend not only on the lithological facies, but also on the way the blocks are cut into slabs during the processing stage. From the same facies, if a block is cut parallel or perpendicularly to the sedimentary lamination, different textural patterns result. Although there are many trade designations for the MCE's ornamental limestones, most correspond to a much smaller number of varieties (Fig. 4) .
In the vast majority of the quarrying sites, the exploited rocks are limestones of Middle Jurassic age occurring at specific lithostratigraphic units ( Fig. 2 In general, these correspond to cream coloured fine-to coarse-grained calcarenites (biocalciclastic grainstones and rudstones) marked by several types of sedimentary laminations and that are typical from high-energy carbonate platforms environments (Table 1) .
Upper Jurassic limestones are only exploited at the Cadoiço and Valverde sites. They are grey ("blue") calciclastic micritic limestones of the Montejunto Formation of Upper Oxfordian age ( Fig. 2; Table 1 ).
Serra de Aire Formation
The Serra de Aire Formation is a thick unit that interdigitates laterally with the Codaçal and Pé da Pedreira members, which together with the Moleanos Member constitute the Santo António-Candeeiros Formation (Azerêdo 2007) .
This unit does not accomplish the textural and bed thickness needs for block production, except under specific structural conditions, namely in the vicinity of reverse faults, as is the case of the Alvados and Monsanto sites. The limestones (micritic mudstones and wackestones) were tectonically deformed under high fluid pressure conditions that gave rise to an abundant network of stylolites and thin irregular shaped calcite veins. As a whole, this network is texturally homogeneous allowing the production of the Alpinina ornamental variety (Fig. 4) . The potential for block production is restricted to the drag folds' hinges where the limestone beds are thickened.
The Alcaria site also respects to a particular condition in the Serra de Aire Formation: the occurrence of micritic fossiliferous limestone lenses, up to 1.5 m thick, in a very restricted area.
Codaçal Member
The Codaçal Member outcrops extensively in the Santo António Plateau and corresponds to near horizontal stacked limestone bodies that individually can reach 20 m thickness, as is the case of the Codaçal quarrying site. The ornamental potential of this unit is conditioned by strong lateral facies variations to very coarse-grained rudstones or biostromatic accumulations that are texturally heterogeneous. Outside the Codaçal site and when bedding is perceived, the bed thickness ranges between 0.5 and 3 m.
The typical ornamental variety from the Codaçal quarries is broadly known as Semi Rijo Codaçal (Fig. 4) . It results from cutting the obtained large blocks parallel to the sedimentary laminations. This is a fine-grained variety that corresponds to oolitic and peloidal grainstones. Ornamental varieties encompassing more coarse-grained limestones (bioclastic-and lithoclastic-rich grainstones and rudstones) are also produced. The delimitation of a potential area equivalent to the outcropping area of the Codaçal Member is supported by its high thickness and sub-horizontal arrangement, together with the chromatic and textural homogeneity revealed by its thick strata or cross-lamination sets.
In this unit, there is another quarrying site called Moliana (Fig. 2) , but the rocks exploited there are very different from the aforementioned ones and are traded under a different designation (Brecha de Santo António). They are dedolomitized bio-lithoclastic limestones genetically related to an NNW-SSE fracture system, which texturally resemble a breccia with a miscellany of greenish, brownish, and greyish colours, and white translucent patches of calcite. Bed thicknesses at this site are higher than 5 m, and the total thickness of this facies is around 30 m. The lack of cartographic limits for this dolomitic facies does not allow the delimitation of a potential area.
Pé da Pedreira Member
The Pé da Pedreira Member outcrops in several regions of the MCE, corresponding to more or less thick lenses of stacked limestone bodies. The unit was defined at the Pé da Pedreira quarrying site, where it corresponds to a subhorizontal massive body of lenticular shape. Only locally it is possible to perceive individual strata, which have thicknesses of metric order, usually 3-6 m. These are more frequent and less thick near the unit borders. At this site, the maximum thickness of the unit is 40 m and it is framed at the base and top by micritic limestones of the Serra de Aire Formation.
Two main ornamental varieties are produced at the Pé da Pedreira quarries, which occupy almost entirely the outcropping area of the unit. These varieties are known as Moca Creme and Relvinha, and both can be obtained by cutting the blocks perpendicularly to the sedimentary laminations. The first is a coarse-grained limestone variety (bioclastic and lithoclastic packstones, grainstones and rudstones) with well-marked laminations, whereas the Relvinha is a finegrained variety (peloidal packstones and grainstones) with a low angle and gently marked sedimentary lamination.
The other regions of the MCE where the Pé da Pedreira Member also outcrops are (Figs. 1, 2 ) the Candeeiros Hill (exploited at the Portela das Salgueiras site), the Mendiga Depression (exploited at the Cabeça Veada site), the western part of the São Mamede Plateau, where it outcrops extensively parallel to the Reguengo do Fetal Fault (Fig. 1) and the eastern part of this plateau (exploited at the Casal Farto site). Some differences in what is observed in the Pé da Pedreira quarries deserve to be pointed out.
Similar to the Pé da Pedreira site, in the Candeeiros Hill the outcrop area of the productive unit is almost entirely occupied by the Portela das Salgueiras quarries, so its potentiality is proven. In this area, the Pé da Pedreira Member has a total thickness of 100 m and the limestones are light-cream coloured packstones and grainstones. The produced ornamental variety is known as Semi Rijo Salgueiras, and the blocks are cut parallel to the sedimentary laminations, since the cross-bedding sets, although not strongly marked, are not as thick as in the Pé da Pedreira site and show several dip angles.
In the Mendiga Depression, the Pé da Pedreira Member outcrops in a narrow strip, which is part of a half-graben dipping 45°E. The total thickness is about 130 m. At the Cabeça Veada quarries, it is possible to observe massive limestone bodies more than 20 m thick, where only planar cross-bedding sets are distinguishable (Fig. 5) . The lithologies do not have significant textural differences comparatively to those of the Pé da Pedreira site, and the variety produced here is also called Semi Rijo, which is obtained by sawing the blocks parallel to the laminations. The quarries at Cabeça Veada occupy almost entirely the Pé da Pedreira Member outcrop area northwards a dolerite dyke (Fig. 2) . Towards the south, the potentiality decreases because the outcrop area is narrower.
Concerning the extensive outcrops in the western region of the São Mamede Plateau, they refer to sub-horizontal stacked limestone bodies in which it is possible to locally distinguish strata with moderate thicknesses (1-2 m). The unit's thickness in this region is over 75 m. In the vicinity of the major fault that is the western limit of the São Mamede Plateau (Reguengo do Fetal Fault, Fig. 2 ), the unit is extremely fractured. The small quarrying site located in these outcrops has been inactive for a long time. There, the limestones are medium to coarse-grained and show low textural homogeneity. Nevertheless, some small new quarries started to exploit this unit in the northernmost regions, where the outcrops correspond to massive bodies of cream coloured and texturally homogeneous fine-grained facies (peloidal grainstones).
In the eastern region of the São Mamede Plateau, the Pé da Pedreira unit is intensively exploited at the Casal Farto site. The limestones do not differ from the dominant facies of the Pé da Pedreira member, and the ornamental variety is the Creme de Fátima, which is obtained by sawing the blocks parallel to the laminations. Here, the unit has a maximum thickness of 75 m and dips 10°-20° northwards. However, the unit's thickness changes abruptly to about 15 m westwards of the quarries, where the outcrops are restricted to a narrow strip (Fig. 2) . This is followed by lateral facies variations to peloidal packstones and micritic wackestones, in beds less than 1 m thick. To the south of the quarries, the same kind of lateral facies variation occurs. Thus, the ornamental potentiality of the unit in this region should be limited to its central area.
Moleanos Member
Regarding the Moleanos Member, it outcrops extensively along the western flank of the Candeeiros Hill, extending to the Alcobaça Depression. This unit is truncated by the Upper Jurassic limestones and is mostly composed of stacked thick limestone bodies, dipping about 20° westwards. The crosslamination sets are not as thick and texturally homogeneous as in the other members of the Santo António-Candeeiros Formation, but are usually thicker than 2 m. The most known ornamental variety is the Vidraço de Moleanos (Fig. 4) . The blocks are sawed parallel to the cross-bedding sets in order to avoid the textural heterogeneity resulting from the irregularity of the cross-laminations. Considering this and being the quarries somewhat distributed throughout the outcrop area, it can be inferred that the whole unit is potentially productive.
In the Casais de Sta. Teresa and Ataíja quarrying sites, a quite different facies is exploited. It is the Vidraço de Ataíja variety, which corresponds to cream coloured bioclastic, peloidal-rich wackestones, and packstones. This kind of facies occurs as lenses within the Moleanos Member and can reach around 30 m thick. Bed thickness is usually greater than 1.5 m, although with some non-valuable thinner intercalations.
At the eastern region of the São Mamede Plateau, the Moleanos Member outcrops in a narrow arched strip truncated by Upper Jurassic limestones. It is exploited in the Boleiros site where the layers do not exceed 2 m thick and dip 15°NE. Surface recognition of the unit allows verifying strong facies variations to non-suitable lithologies, so the whole unit's outcrop area is not considered to be potential for the production of blocks. Just northeast of the Casal Farto site, the Moleanos Member facies show again, suitability for ornamental purposes, and are exploited in a small quarry.
Montejunto Formation
The Montejunto Formation occupies extensive areas in the MCE and, in general terms, is composed of centimetric-to decimetric-thick beds of more or less marly micritic limestones of light-brown to grey colours. It is exploited in the quarries of the Valverde and Cadoiço areas, as well as in other scattered small quarries.
The thickness of the limestone beds in these sites, unlike the Montejunto Formation's average, usually range between 1 and 2 m. They correspond to alternating micritic limestones (mudstones and wackestones) and fine-grained lithoclastic packstones, more or less peloidal and oolitic. The occurrence of millimetric argillitic, marly, and carbonaceous laminations is common. Although there is a modification of composition and texture from bed to bed, they all have a bluish grey colour as a common attribute. Locally, the colour changes to cream which should be related to supergene oxidation processes (Santos 2017) .
In the Valverde site, the limestones are close to a doleritefilled normal fault, which controls the attitude of the strata; these dip about 40°S near the fault and about 10°S when outside the associated drag fold. The dolerite-filled fault is clearly responsible for the darkening of the limestones' colour, which is highly appreciated commercially. In the Cadoiço site, the layers trend NE-SW, dipping 12°-14°W.
These limestones from the Montejunto Formation are known as Azul de Valverde and result from cutting the blocks parallel to the bedding planes. Because in a regional survey of the whole Montejunto Formation it is not possible to control the occurrence and extent of thick beds with homogeneous colour, whether they are grey or cream, it is also not possible to delimit reasonable potential areas in this formation for ornamental stone production, as it would require further detailed studies.
Data integration
The observations made by a regional geological survey of the MCE allowed to gather data about the characteristics of the occurring lithostratigraphic units in terms of structural layout, thickness, chromatic and textural homogeneity, and singular bed's thicknesses. Because these characteristics are the decisive ones to evaluate the ornamental suitability of rocks on a regional scale, they were used to support the mapping and delimitation of the potential areas for ornamental limestones (Fig. 6 ).
Moleanos and Moita do Poço potential areas
These two areas relate to the outcrops of the Moleanos Member limestones in the Candeeiros Hill and Alcobaça Depression. The ornamental suitability is primarily related to the fine-to coarse-grained calcarenites similar to those exploited at the Moleanos and Moita do Poço quarrying sites. Secondarily, it is related to the micritic facies similar to those exploited at the Ataíja site.
The Moleanos potential area is slightly extended northwestwards, over the non-suitable Upper Jurassic limestones, foreseeing the exploitation of the underlying ornamental limestones by removing the overburden or even by underground works. Portela das Salgueiras, Cabeça Veada, and Pé da Pedreira potential areas These three areas relate to the Pé da Pedreira Member and are all almost entirely occupied by quarries. Preferentially considered Complementary Areas, these are still mentioned here for future reference in terms of land use planning. The Cabeça Veada potential area is slightly enlarged over the Serra de Aire Formation, so that it encompasses future underground exploitation works.
Codaçal potential area
This potential area occupies a large part of the Santo António Plateau. It extends from the Codaçal quarrying site to the south limit of the Santo António Plateau, which coincides with a major thrust fault-the Arrife Fault. It respects to the biolithoclastic oolitic facies of the Codaçal Member massive limestone bodies, including those that are dedolomitized at the Moliana site. Therefore, this potential area encompasses all the outcropping area of that sedimentary unit, with the exception of a narrow strip at the north, which evidences a tangible thickness decrease.
In its south section, this area has the potential for production of the Alpinina ornamental variety related to the Serra de Aire micritic limestones near the Arrife Fault, where the Monsanto site is located.
Alvados potential area
This small area is also related to the Serra de Aire limestones' potentialities for the production of the Alpinina variety, when the limestones are tectonized due to their proximity to reverse faults. This area, parallel to an E-W trending reverse fault, includes the small Alvados quarrying site, as well as small decommissioned exploitations along the fault's drag fold.
Reguengo do Fetal potential area
This area corresponds to the outcrops of the Pé da Pedreira Member in the western region of the São Mamede Plateau. The surface data obtained for this area only locally provide indications about its good suitability for the production of large lithologically homogeneous blocks. However, in this region, the Pé da Pedreira Member reaches 75 m thick, which gives the necessary support to consider the whole area as potential.
Boleiros-Casal Farto potential area
This area partially comprises the outcropping areas of the Moleanos and Pé da Pedreira limestones in the eastern region of the São Mamede Plateau, where they contact tectonically. In fact it comprehends two non-contiguous subareas: one centred on the Boleiros site and related to the Moleanos Member, and another centred on the Casal Farto quarries, which is related to the Pé da Pedreira Member; this sub-area encompasses part of the Moleanos limestones by reasons of proximity. For both lithostratigraphic units, in zones where there is a clear decrease in the unit's thickness and/or facies changes to non-suitable limestones, the respective outcrops were excluded. Table 2 presents a summary of the most relevant characteristics of each potential area, including a rough estimate of the hypothetical resources available. These were evaluated taking into account the extents of each potential area and half the thickness of the respective lithostratigraphic unit. As mentioned before, the Portela das Salgueiras, Cabeça Veada, and Pé da Pedreira areas should preferentially be considered complementary exploitation areas. These were submitted to detailed geological studies aiming at the compatibility between the extraction activity and the nature conservation , which allowed the evaluation of the measured resources presented in Table 2 .
Conclusions
A regional evaluation of the lithostratigraphic units of the MCE in which concerns their chromatic and textural lithological homogeneity, total thickness (as an indicator of the available volume), and bed thickness allowed delimiting two main types of potential areas for ornamental stones' production. One refers to very specific cases, where these units demonstrate ornamental suitability at a very local scale due to the particular and highly appreciated features that give commercial value to the exploited rock. This is the case of the Alvados and Monsanto Areas defined in the Serra de Aire Formation, along fold hinges parallel to thrust faults. Even so, and because of its small size, the potential area for the Alpinina variety in the southernmost region of the Santo António Plateau ended up encompassed by the Codaçal potential area and the same procedure was applied to the Codaçal dedolomitized limestones of the Moliana quarrying site.
The other type of delimited potential areas refers to those comparable to the entire outcrop area of some of the recognized lithostratigraphic units of the MCE, namely the Codaçal, Pé da Pedreira and Moleanos members of the Santo António -Candeeiros Formation. Because of their size and available volume near the surface, these are the most relevant potential areas in the MCE. In general terms, the ornamental potential is associated with cream coloured and fine to coarse-grained calcarenites (peloidal biolithoclastic grainstones and rudstones, more or less oncholite-and oolite-rich) occurring in massive beds or stacked limestone bodies thicker than 2 m, in which planar low-to high-angle cross-bedding sets are more or less well marked. All those limestones are typical of high-energy carbonate platforms environments, which is an important criterion in the selection of regional targets for the exploration of ornamental limestone deposits.
The straightforward methodology presented here and the results obtained are a credible scientific support to strengthen the delimitation of potential areas for ornamental stones in land use planning, instead of the commonly used educated guesses. 
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